We report the results of XMM-Newton observations of the regions around the core of the Centaurus cluster where evidence for merging activity between the subgroup Cen 45 and the main Centaurus cluster has previously been observed using ASCA and ROSAT data. We confirm the ASCA findings of a temperature excess surrounding Cen 45. We find that this temperature excess can be explained using simple shock heating given the large line of sight velocity difference between Cen 45 and the surrounding main Centaurus cluster. We find that there is a statistically significant excess in metallicity around Cen 45, showing that Cen 45 has managed to retain its gas as it has interacted with the main Centaurus cluster. There is a pressure excess to the east in the direction of the merger, and there is also an entropy excess around the central galaxy of Cen 45. The metallicity between 50-100 kpc to the north of NGC 4696 is higher than to the south, which may be the result of the asymmetric distribution of metals due to previous sloshing of the core, or which may be associated with the filamentary structure we detect between NGC 4696 and NGC 4696B.
INTRODUCTION
Optical observations of the Centaurus cluster (Lucey et al. 1986) have shown there to be two distinct clusterings of galaxies. The main one associated with the main Centaurus cluster, centred on the brightest cluster galaxy (BCG) NGC 4696 ( Fig. 1 right panel) has a line of sight velocity of 3000 km s −1 and is referred to as Cen 30. A smaller subgroup containing the second brightest galaxy in Centaurus (NGC 4709) is located 15 arcmins (190kpc) to the east and contains a factor of 2.5 fewer galaxies, and has a significantly lower velocity dispersion (280 km s −1 ) than the main Centaurus cluster (586 km s −1 ). This smaller subgroup also has a higher line of sight velocity of 4500 km s −1 , and hence it is referred to as Cen 45. Despite this large line of sight velocity difference (1500 km s −1 ), Lucey et al. (1986) found that luminosity functions, colourmagnitude relations and galactic radius distributions indicate that both Cen 30 and Cen 45 are at a common distance. Churazov et al. (1999) used ROSAT and ASCA data and found there to be a temperature enhancement associated with Cen 45, around 20 arcmins to the south east of the core of the main Centaurus cluster. This temperature enhancement was also found in ⋆ Email: swalker@ast.cam.ac.uk the analysis of the same ASCA data in Furusho et al. (2001) and Dupke & Bregman (2001) . If the ICM emission is purely the result of the superposition of the Centaurus cluster and Cen 45, we would instead expect a temperature decrement as the less massive Cen 45 should contain gas of a lower temperature. The X-ray data therefore add further strong evidence that Cen 30 and Cen 45 lie at the same distance and are interacting. Churazov et al. (1999) concluded that this temperature excess indicates that the ICM has been heated as Cen 45 merges with the main Centaurus cluster. However, due to the large PSF of ASCA, the temperature structure could not be well resolved.
Here we report XMM-Newton observations of the Cen 45 system and the regions around the core of the Centaurus cluster, which have allowed the temperature structure of the system to be spatially resolved, whilst also allowing the metallicity structure to be explored. The Centaurus galaxy cluster is the second closest cluster (z=0.0104 corresponds to a distance of 44 Mpc and an angular scale of 13 kpc/arcmin), and has been studied extensively with all major X-ray observatories. Centaurus' large angular extent makes it an excellent target for highly spatially resolved studies of the intracluster medium and any ongoing merging activity.
Deep Chandra observations of the core (the central 40 kpc) of the Centaurus cluster (Fabian et . Left:Exposure corrected, background subtracted, point source subtracted and adaptively smoothed mosaic X-ray image in the 0.7-7.0 keV band produced as described in section 2.1. Right: Digitised Sky Survey (DSS) image with main galaxies labelled, and with the coordinates set to match the X-ray image in the left panel.
have found a significantly asymmetric temperature and metallicity structure around NGC 4696. The cold, high metallicity gas in the core is displaced to the west of the BCG. There are two sharp surface brightness discontinuities around the core, one 17.5 kpc to the east centred on NGC 4696 and one 32.1 kpc to the west and centred 10.9kpc to the west of the core, suggesting an east-west motion of the gas in the cluster potential. These sharp surface brightness discontinuities coincide with abrupt temperature changes, suggesting that they are cold fronts produced by the sloshing motion of the cool core in the cluster potential relative to the surrounding hotter ICM. It is possible that this sloshing motion of the core has been caused by the passage of Cen 45 through the main cluster.
Observations with Suzaku out to 140kpc to the north and south of the core (Ota et al. 2007 ) have found no significant bulk motions of the intracluster medium, suggesting that in the central regions the bulk velocity does not excees the thermal velocity of the gas.
OBSERVATIONS AND DATA REDUCTION
A mosaic of 4 XMM MOS observations was studied ( Fig. 1 left  panel) , and these observations are summarised in table 1. Two pointings exist for the centre, centred on the BCG of Centaurus (NGC 4696) . A pointing to the south east is centred on the second brightest cluster galaxy (NGC 4709) which is the dominant galaxy in the Cen 45 subgroup. The final pointing is to the south west. The observations were reduced and analysed using the Extended Source Analysis Software (ESAS version 12) as described in Snowden et al. (2008) , following the 'Cookbook for analysis procedures for XMM-Newton EPIC MOS observations of extended objects and the diffuse background'
1 . We used only the MOS data here, but in section A1 we use the PN data as an independent test of the MOS results, finding completely consistent results. The source to background ratio in the band used for spectral fitting (0.7-10.0keV) decreases from 80 at the centre to 1.5 in the most peripheral bin for the MOS data.
We ran EMCHAIN and MOS-FILTER on the MOS data to remove periods of high soft proton flux. CCD 6 of MOS1 was not available (due to a micrometeorite hit) for all of the observations except for the shorter central observation, which was taken before the micrometeorite hit. CCDs in the anomalous state were removed (these were CCDs 4 and 5 for the MOS1 eastern pointing, CCDs 4 1 ftp://legacy.gsfc.nasa.gov/xmm/software/xmm-esas/xmm-esas.pdf and 5 for the MOS1 western pointing, CCD 5 for the MOS2 western pointing, CCDs 4 and 5 for the MOS1 long central pointing and CCD 5 for the MOS2 long central pointing).
To check for residual soft proton contamination we compared the 10-12 keV count rate per unit area in the actual field of view (where the mirrors focus the soft protons) with the same count rate in the unexposed corners (which are not affected by soft protons). Since the source contribution in this hard band is negligible, this allows the identification and removal of periods of significant residual soft proton contamination (Leccardi & Molendi 2008) . In table 2 we show the "IN over OUT" diagnostic (De Luca & Molendi 2004) for the observations, which is the ratio of the surface brightness in the 6-12 keV band in an outer region of the field of view (the IN component) to the surface brightness in the same band calculated outside the field of view (the OUT component). All of the values are only slightly above 1.0, indicating negligible contamination.
Point sources were identified and excised using the task CHEESE down to a uniform threshold flux of 1×10 −14 erg cm −2 s −1 in the 0.7-7.0 keV band to ensure that the cosmic X-ray background is resolved uniformly over all of the observations. Spectra for the regions shown in Fig. 3 (excluding the point sources identified earlier) were extracted using the task MOS-SPECTRA, which also created the ARFS and RMFs. The quiescent particle background (QPB) for each region was obtained using the task MOS-BACK. When performing the spectral extraction, the data were binned so that each spatial region contained the same number of counts (20,000 in the 0.7-7.0 keV band), allowing robust measurements of both the temperature and metallicity to be obtained. The regions were determined using Voronoi tessellation method of Diehl & Statler (2006) , which has the advantage that it produces geometrically unbiased regions which do not lead the eye, and which is commonly used for binning XMM data (e.g. Simionescu et al. 2007 ). This is particularly important because the central pointing has over 4 times the exposure of the offset pointings, while some of the MOS chips were in the anomalous mode and had to be ignored, so the raw total counts distribution when both detectors are summed is very uneven compared to actual Xray emission, and could lead to misleading geometric features if alternative binning techniques were used.
For the central regions (the central 3 arcmins) of the temperature and metallicity maps shown later in Fig. 3 , we show the Chan- dra results from Sanders & Fabian (2006) , which have superior spatial resolution than the XMM-Newton results. As in Urban et al. (2011) , we use only the data from within the central 12 arcmin radius region for each MOS observation (centred on the aim point) to minimise the systematic uncertainties associated with the effective area calibration at large off-axis angles.
Image Production
Images and exposure maps each detector for each pointing in the 0.7-7.0 keV band were extracted using MOS-SPECTRA. Particle background images were then produced using MOS-BACK for each detector. The soft proton background images for each detector for each pointing were then created using the task PROTON, using the index and normalisation for the soft proton broken powerlaw component fitted in the background model later in section 3 as inputs. To model the soft proton contribution we used a broken powerlaw model with a slope of 0.4 below 5 keV and a slope of 0.8 above 5 keV (as in Leccardi & Molendi (2008) ). The soft proton images and the particle background images were rotated from detector coordinates to sky coordinates using the task ROT-IM-DET-SKY. The final background subtracted, point source removed and exposure corrected mosaic shown in Fig. 1 (left panel) was then obtained using the task MERGE COMP XMM. The image was then smoothed with the task ADAPT 2000 using smoothingcounts=50 and thresholdmasking=0.02.
Hard band image, pressure map
The observed count rate from the ICM can be related to its pressure, P , and temperature, kT , as follows (e.g. Forman et al. 2007 ):
where ǫ(T ) is the volume emissivity of the ICM convolved with the XMM-Newton MOS response, and l is the line of sight path length. In the 3.5-7.5 keV band the quantity ǫ(T )/T 2 is only very weakly dependent on the gas temperature in the temperature range of interest (1-4keV), as shown in Fig. A2 . This means that the image in the 3.5-7.5 keV band is essentially a map of P 2 dl, the square of the pressure integrated along the line of sight.
The hard band image pressure map is shown in Fig. 2 , where we see a clear excess to the east in the direction of the Cen 45 merger.
BACKGROUND SUBTRACTION AND MODELLING
When performing the spectral fitting in XSPEC, the quiescent particle background (QPB) spectra were subtracted from the extracted MOS spectra. The MOS1 and MOS2 spectra were fitted simultaneously (they were not combined) and the background modelling was performed for each MOS chip individually. Two gaussians were used to model the Al Kα (1.49 keV) and Cu Kα (1.75 keV) instrumental lines with the normalisations allowed to be free parameters. Residual soft proton contamination, which may be present, is modelled as a broken powerlaw as in Leccardi & Molendi (2008) , with a break at 5keV, a slope of 0.4 below 5keV and a slope of 0.8 above 5.0keV. This soft proton contribution is not folded through the instrumental effective area (the ARF), and this is achieved by using a diagonal unitary response matrix when modelling this component. The low surface brightness, outermost regions of each pointing (outside 10 arcmins for the central pointings, and outside 20 arcmins from NGC 4696 for the east and west offset pointings) were used when fitting for the residual soft proton emission (as recommended in the ESAS cookbook) to ensure that this component is not over or underestimated through confusion with the ICM emission. These normalisations were used to create images of the soft proton contribution to the Table 3 . Soft foreground measurements from ROSAT RASS data as described in the text. The units of the APEC normalisations are 10 −14 (4π) −1 D
−2
A (1 + z) −2 nen H dV , where D A is the angular size distance (cm), and ne and n H are the electron and hydrogen densities (cm −3 ) respectively, and these values are scaled for a circular area of sky of 1 arcmin 2 0.22 keV APEC norm (GH) 0.12 keV APEC norm (LHB)
1.8
c 0000 RAS, MNRAS 000, 000-000 background using the task PROTON as described earlier in section 2.1 when creating the background subtracted mosaic images. The cosmic X-ray background (CXB) from unresolved point sources was modelled as an absorbed powerlaw of index 1.46. The normalisation of this powerlaw was calculated using the XMM-ESAS task POINT SOURCE, which calculates the unresolved level of emission following the removal of point sources down to the uniform threshold flux of 1×10 −14 erg cm −2 s −1 in the 0.7-7.0 keV band. We used the functional form for the logN-logS cumulative source number counts distribution found in Hasinger et al. (2005) . This yields an unresolved CXB powerlaw component with an XSPEC normalisation of 5.0×10
−7 per arcmin 2 .
The soft foreground was modelled using an absorbed APEC (Smith et al. 2001 ) component at kT=0.22 keV to represent the galactic halo, added to an unabsorbed APEC component at kT=0.12keV to represent the Local Hot Bubble (LHB) or heliosphere. Both of these components have their metallicity fixed at 1 Z⊙ and their redshift fixed at 0. The temperatures and normalisations of these components were determined by fitting to RASS data for a background region well outside the virial radius of the cluster, between 1.8-2.5 degrees (as done in Walker et al. 2013) , and are shown in table 3. The RASS data were obtained from the X-ray background tool at http://heasarc.gsfc.nasa.gov/cgi-bin/Tools/xraybg/xraybg.pl. An example of the spectral fitting and the background modelling is shown in Fig. A3 , showing all of the components involved.
SPECTRAL ANALYSIS
Temperature and metallicity maps were produced and are shown in Fig. 3 in the top two panels. We do not explore the central 3 arcmins around NGC 4696 with the XMM data because this region has already been explored in detail with deeper and higher spatial resolution Chandra observations (Fabian et al. 2005 , Sanders & Fabian 2006 . The Chandra temperature and metallicity maps from Sanders & Fabian (2006) for the central 3 arcmins are shown in the respective maps, showing the displacement of the coldest high metallicity gas to the west of NGC 4969.
Each region was fit with a single temperature absorbed APEC component with the metallicity, abundance and normalisation allowed to be free. Spectral fits were performed using the extended C-statistic. The redshift was fixed to 0.0104, and the column density was fixed to the LAB survey (Kalberla et al. 2005 ) value of 8.3 × 10 20 cm −2 . We use a standard ΛCDM cosmology with H0 = 70 km s −1 Mpc −1 , ΩM = 0.3, ΩΛ=0.7. Spectral analysis was performed in XSPEC 12.8, and fits were performed in the 0.7-7.0 keV band. We use the abundance tables of Anders & Grevesse (1989) so as to be consistent with the results of Sanders & Fabian (2006) . All errors unless otherwise stated are at the 1 σ level.
Temperature and metallicity maps
In the lower two panels in Fig. 3 the temperature and metallicity profiles are shown corresponding to the regions in the maps in the upper panels, allowing the errors on the profiles to displayed and allowing a comparison of the profiles to the east and west. The temperature is systematically higher to the east by on average around 0.6 keV in the radial range 5-22 arcmins, in good agreement with the observed temperature excess around Cen 45 observed in Churazov et al. (1999) with ASCA data.
The metallicity map suggests that there is a metal abundance excess to the east associated with Cen 45. This becomes clearer when we compare the east and west in sectors with equal radial binning in the bottom part of the bottom right hand panel of Fig. 3 , where we see an excess to the east between 11-12 arcmins. When we extract and fit spectra to the whole regions between 10-15 arcmins from the core to the east and west, we find that the abundance is significantly higher to the east (0.36 +0.05 −0.05 Z⊙) than to the west (0.21
+0.05
−0.05 Z⊙). This indicates that Cen 45 has retained its gas and metals during the interaction with the main Centaurus cluster.
The metallicity distribution is also clearly higher to the north of the core of Centaurus than to the south. As can be seen in Fig.  5 there is a clear excess to the north in the region 4-8 arcmins. This excess in metallicity to the north may be associated with the filamentary structure to the north west we detect later in section 5, which was also detected in the ROSAT analysis of Churazov et al. (1999) , and which appears to connect NGC 4696 to NGC 4696B. We will discuss this further in section 5.
The temperature and metallicity maps are overlaid on the DSS image of the galaxies in Fig. 4 to show how the ICM properties correlate with the galaxy distribution. We see a clear excess in temperature to the west, associated with Cen 45, where the ICM is systematically at least 0.6 keV hotter than the equivalent regions to the east. The hotter region extends out to a radius of around 10 arcmin (∼ 130 kpc) from NGC 4709.
Entropy and pressure
To obtain the entropy, K = kT /n 2/3 e , and the pressure, P = nekT direct from the spectral fitting results, we need to covert the observed APEC normalisations into densities, which requires us to estimate volumes for each region. To do this, we follow the the approach of Henry et al. (2004) (as used in Simionescu et al. (2007) ). The electron density can be related to the APEC normalisation and the volume, V of each region by,
The volume of each region can then be estimated as
1/2 , where Ω is the solid area of the region, and θout and θin are the outer and inner angular distances of the region from the centre.
To compare the entropy and pressure to the east and west, we extracted spectra in sectors to the east and west. The pressure profiles derived from the spectral fits are shown in the top panel of Fig.  6 . We see a clear excess in pressure to the east in the direction of the Cen 45 merger, in agreement with the pressure map derived from the hard band image in Fig. 2 .
Outside 12 arcmins the entropy to the east is systematically higher than that to the west as we would expect for shock heating. Within 12 arcmins, the temperature and density are higher to the east in such a way that the entropy is similar to the entropy to the west, but the pressure is higher to the east. This may be because the ICM to the west has already undergone similar merging activity in the past which has raised it to a similar adiabat. Churazov et al. (1999) divided the ROSAT PSPC image by the azimuthal average and found a peak in the residuals coinciding with Cen 45 due to excess emission. Dividing the 0.7-2.0 keV XMM mosaic image by the azimuthal average (Fig. 7, top) also shows a significant excess in the X-ray emission above the azimuthal average coinciding with Cen 45 to the east (though as the XMM mosaic does not cover the full azimuth this only compares the east and west offset pointings).
Cen 45

Excess emission around Cen 45
If we are seeing the superposition of the ICM of Cen 45 with the Centaurus cluster, we can explore the gas properties around Cen 45 by including the emission from the main Centaurus cluster in the background model. To do this, in the regions of surface brightness excess to the east we redo the spectral fits using a 2 thermal (APEC) component model, with one APEC component fixed to the temperature, normalisation and metallicity at the equivalent distance from the NGC4696 from the western pointing.
The temperature map of the excess emission is shown in Fig.  7 (middle panel), overlaid on the surface brightness residual image. The emission has a temperature of around 5 keV (between 4 keV and 6 keV), roughly 2 keV higher that of the ICM of the main Centaurus cluster in the western pointing. The temperature profile of the excess emission is plotted in the bottom panel of Fig. 7 .
To show an example of the spectral fitting, we show in Fig. 8 the best fit spectrum of the entire excess region using the two temperature model. The spectrum is for the entire excess region shown by the circle to the east in the top panel of Fig. 7 . In the two temperature model, one of the APEC components has its temperature, abundance and normalisation fixed to that found in an equal sized circle at the same distance from NGC 4696 to the west which is also shown in the top panel of Fig. 7 , and this is the red solid line in Fig. 8 . The best fit two temperature model parameters are shown in table 4.
It has been found in Mazzotta et al. (2004) that when the lowest dominant temperature component in a multitemperature source spectrum is greater than 2-3keV (as it is in our case), it is always possible to fit the spectrum with a statistically acceptable single temperature thermal model. When the eastern region is fitted with a single temperature model (the details of which are also shown in table 4), we do indeed obtain an equally good fit as the two temperature model (with a reduced χ 2 of 0.93 in both cases). It is therefore not possible to determine from the spectra whether the two temperature model is preferred.
If Cen 45 has retained its own gas, as suggested by the excess in metal abundance near its location, we would expect to see indications of a cool component in Fig. 8 . The absence of such indications may be because the cool component is too faint to be detectable, or another possibility is that the ICM of Cen 45 has been heated to high temperatures due to its interaction with the main Centaurus cluster. Top:Residual image from dividing the 0.7-2.0 keV band image by the azimuthal average, which has been smoothed with a Gaussian kernel of radius 40 arcseconds. The dark straight lines are from the chip gaps between the MOS detector chips. The letter F marks the excess in emission to the north west which agrees with the filamentary structure detected in the ROSAT analysis of Churazov et al. (1999) between NGC 4696 and NGC 4696B. The circle to the East encompasses a large fraction of the emission associated with Cen45, and this is the region examined in Fig. 8 . The equal sized circle to the west is at the same distance from the core as the western circle. Middle:Same as the top panel but with the temperature map of the excess emission overlaid (the colour bar is for the temperatures). Bottom:Temperature profile of the excess emission. Table 4 . Best fit parameters to the eastern region around Cen 45 (the eastern white circle in Fig. 7 ) using two temperature and single temperature models. In the two temperature model, component 2 is fixed to the best fit parameters for a region on the opposite side of the cluster (the white circle to the west in Fig. 7 ) of equal size and equal distance from the cluster centre. Normalisations are in xspec units per arcmin 2 .
Two T model
One T model 
Thermal energy content of the excess emission around Cen 45
If we assume that the ICM around Cen 45 is shock heated under the simple Rankine-Hugoniot strong shock jump conditions then we can, as a first approximation, estimate the temperature increase per particle assuming the shock speed to be equal to the velocity difference between Cen 45 and the main Centaurus cluster. The shock speed would therefore be u1=1500/cos(θ) km s −1 , where θ is the angle to the line of sight of the motion of Cen 45.
In Fig. 9 we show how the temperature per particle after the shock (kT2) depends on the pre-shock temperature per particle upstream of the shock (kT1) and the angle to the line of sight (θ) of the motion of Cen 45. The greater the angle to the line of sight, the greater the shock speed, and thus the greater the amount of heating. This is calculated using:
u shock = 1500 cos(θ) kms
where m is the mass per particle (assumed to be 0.61mH ), and the adiabatic index γ=5/3. We can calculate an estimate of the pre-shock, upstream temperature by using the temperature for the undisturbed western region (the western circle shown in Fig. 7) , which is kT1=3.4
keV. We can then take the post-shock temperature to be the temperature of the high temperature component in the two temperature model fit to the excess around Cen 45 (the eastern circle in Fig. 7) , which is kT2=5.0 +0.4 −0.4 keV. In Fig. 9 , the black rectangle encompasses the observed postshock temperature range and the pre-shock temperature range we have just calculated. We see that the shock heating scenario is consistent with the observed temperature difference, and that an angle to the line of sight greater than 20 degrees appears unlikely. The allowed range of the 3D velocities for the interaction with the subcluster is 1300-1600 km s −1 . We conclude that the simplest model of strong shock heating provides an adequate explanation for the high temperature of the Fig. 7) . The solid red line is the apec component whose normalisation, temperature and metallicity are fixed to the best fit single temperature model of the region at equal distance from the centre on the opposite side of the cluster to the excess emission (the white circle to the west in Fig. 7 ). The solid pink line is the apec component modelling the excess emission associated with Cen 45 to the east. The background components are the same as described in Fig. A3 . Figure 9 . Post shock temperature (kT 2 ) as a function of pre-shock temperature (kT 1 ) and the angle to the line of sight of Cen 45's motion (the coloured lines). The black rectangle shows the region encompassing the expected pre-shock temperature based on observations of the undisturbed western side of the cluster, and the observed post-shock temperature range. gas surrounding Cen 45, but that due to the limitations of the spectral fitting it is not possible to determine statistically whether the two temperature scenario is favoured just from the X-ray spectra.
FILAMENT EXTENDING TO NGC 4696B
When dividing by the azimuthal average there is also a clear excess in X-ray emission connecting NGC 4696 to NGC 4696B, indicated by the letter F (for filament) in the top panel of Fig. 7 . This filamentary structure was observed with much lower significance (2-3 σ) in the ROSAT analysis of Churazov et al. (1999) . Unfortunately, due to the limited azimuthal coverage of the XMM-Newton observations, the full extent of this filamentary structure cannot be fully observed. In Churazov et al. (1999) it is suggested that this filament could be the result of cold gas which has been ram pressure stripped from NGC 4696B.
The metallicity map shown in Fig. 3 (right panel) indicates that there is an abundance enhancement to the north of NGC 4696, which may be associated with this filament. If so, this would add support to the idea that the filament originates from gas stripped from NGC 4696B. However the lack of detection of an excess in metallicity in the other parts of the filament closer to NGC 4696B may suggest that the northern metallicity excess is due to the past sloshing of metals originating from NGC 4696. The Chandra results of Fabian et al. (2005) and Sanders & Fabian (2006) found the high metallicity gas within the central 40 kpc to by displaced to the west of NGC 4696. It is therefore possible that in the past, previous merging activity could have caused a northern displacement of the core leading to the observed asymmetric distribution of metals out to 100kpc from the BCG.
SUMMARY
We confirm the presence of a significant excess in temperature to the east of the Centaurus cluster core associated with the subgroup Cen 45, as originally found using ASCA data in Churazov et al. (1999) , Furusho et al. (2001) and Dupke & Bregman (2001) . Our results indicate that minor mergers are able to significantly heat the ICM of galaxy clusters in the region surrounding the core without destroying the cool core. A simple shock heating scenario appears to be able to provide a reasonable explanation for the observed high temperatures surrounding Cen 45. The metallicity around Cen 45 is significantly higher than that in the western direction at the equivalent distance from the centre of the main Centaurus cluster, suggesting that Cen 45 has managed to retain its gas as it has interacted with the main Centaurus cluster.
We confirm the detection of a filamentary structure extending between NGC 4696 and NGC 4696B which was detected with lower significance in the ROSAT analysis of Churazov et al. (1999) .
We have probed the metallicity structure around the BCG of Centaurus (NGC 4696) out to at least 150 kpc in all directions, extending the existing Chandra observations of the central 40 kpc regions. The metallicity to the north of NGC 4696 is higher than to the south, which may indicate the asymmetric movement of metals through the sloshing motion of the core in the past. Alternatively, this higher metallicity may be associated with the filamentary structure extending between NGC 4696 and NGC 4696B.
The pressure is higher to the east in the direction of Cen 45, and outside 12 arcmins the entropy profile is systematically higher to the east than to the west, as expected from shock heating. as found in Nevalainen et al. 2010 , and the good agreement we is observe is likely due to the statistical errors of the fits dominating over the systematic differences.
We also repeat the analysis of the eastern and western circles shown in Fig. 7 using the pn data. The sensitivity to multi temperature spectra of the pn detector is different to that of the MOS, and this allows us to check our result for the two temperature model. The results for fitting the pn data in the eastern region around Cen 45 with a two temperature model appear consistent with the MOS results, and these are tabulated in table A1. Energy (keV) Figure A3 . An example of the spectral fitting performed, shown for one of the regions in the adaptively binned Voronoi tesselation (Fig. 3) which contains 20000 counts, and this particular region is 8 arcmins from the centre of the main Centaurus cluster. The black datapoints are MOS1 data, from which the particle background obtained using MOS-BACK has been subtracted. For each region we fit the MOS1 and MOS2 data simultaneously, but here we show only the MOS1 data to improve the figure clarity. The soft foreground is modelled as an absorbed APEC component at kT=0.22 keV to represent the galactic halo (green dashed line), added to an unabsorbed APEC component at kT=0.12keV (blue dashed line) to represent the Local Hot Bubble (LHB) or heliosphere. These foreground components are constrained by fitting to RASS data in a background ring around the Centaurus cluster as described in the main text. The CXB component for the XMM data is modelled as a powerlaw of index 1.46 and is shown as the cyan line. The unresolved CXB level following point source removal is calculated using the XMM-ESAS task POINT-SOURCE. The black dashed lines show the Gaussians used to model the the Al Kα (1.49 keV) and Cu Kα (1.75 keV) instrumental lines. The excess cluster emission is modelled as an absorbed APEC component. Residual soft proton emission was also modelled as a broken powerlaw component, shown as the solid black line.
